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lsevier1. Background
Wetlands are often transitional habitats between terrestrial
and aquatic systems, where the water table is usually at or near
the surface or the land is covered by shallow water [8].
Wetlands have been used for at least 90 years for the disposal
of wastewater; most discharges were to natural wetlands [10].
Studies on the use of constructed wetlands for wastewater
treatment began in 1950 at the Max Planck Institute in
Germany [12]. Research efforts in the United State were devel-
oped in 1970 where some systems were installed. In 1990 the
application of wetland systems was expanded for use not only
Figure 1 Location of Lake Manzala Engineered Wetland.
2 G. El-Refaieto treat municipal wastewater, but also storm water, industrial,
mining wastes, and agricultural wastes.
Most of wetlands provide a number of functions and values
such as; water quality improvement, ﬂood storage, cycling of
nutrients and other materials, habitat for ﬁsh and wildlife, pas-
sive recreation, such as bird watching and photography, active
recreation, such as hunting, education and research and aes-
thetics and landscape enhancement.
1.1. Constructed wetland
Constructed wetlands are biological ﬁlters that are very effec-
tive in removing BOD, TSS, and organic nitrogen; nitrates [9].
Constructed wetland treatment systems are engineered systems
that utilize the natural processes involving wetland vegetation,
soils, and their associated microbial assemblages to assist in
treating wastewater. They are designed to take the advantage
of the same processes that occur in natural wetlands, but with
more controlled environment. Typically, a constructed wetland
is a series of rectangular plots ﬁlled with soil or gravel and lined
to prevent waste form leaching into groundwater. The plants
grown in these plots, not only offer a root mass for ﬁltration,
but also provide oxygen and carbon for wastewater treatment.
The roots offer attachment sites for microbes, which consume
the available oxygen in the process of breaking down pollutants.
Constructed wetlands have been classiﬁed into two types:
Free water surface wetlands (FWS): Free water surface wet-
land consists of a shallow basin, soil or other medium to sup-
port the roots of vegetation, and a water control structure that
maintains a shallow depth of water. The water surface FWS is
above the substrata [9].
Subsurface ﬂow wetland (SFS): It consists of a sealed basin
with porous substrata of rock or gravel. The water level is
designed to remain below the top of the substrata. SFS
wetlands are best suited to wastewaters with relatively low
solids concentrations and under relatively uniform ﬂow
conditions. SFS wetlands have most frequently been used to
reduce biochemical oxygen demand (BOD) from domestic
wastewater.
1.2. Temperature impact on wetlands performance
Wetlands are shallow water bodies open to the atmosphere, so,
they are strongly inﬂuenced by climate and weather. Tempera-
ture variations affect the treatment performance of constructed
wetlands where it affects both the physical and biological activ-
ities in the wetland system. The biological reactions responsible
for biological oxygen demand (BOD) removal, nitriﬁcation,
and de-nitriﬁcation are temperature dependent.
Several biogeochemical processes that regulate the removal
of nutrients in wetlands are affected by temperature, thus inﬂu-
encing the overall treatment efﬁciency [2]. They studied the
temperature dependence of many individual wetland processes
and wetland removal of contaminants in surface ﬂow wetland.
They concluded that microbial mediated reactions are affected
by temperature; the treatment response was much greater to
changes at the lower end of the temperature scale (<15 C)
than at the optimal range (20–35 C). Furthermore they ob-
served that the processes regulating organic matter decomposi-
tion were affected by temperature and so were all the nitrogen
cycling reactions.Kadlec et al. [14] pointed out three reasons for the impor-
tance of water temperature in treatment wetlands: (1) temper-
ature modiﬁes the rates of several key biological processes, (2)
temperature is sometimes a regulated water quality parameter,
and (3) water temperature is a prime determinant of evapora-
tive water loss processes.
From this point of view this research focuses on studying
the impact of temperature on the operation and performance
of constructed wetland in Egyptian conditions. This research
was carried out in the Lake Manzala Engineered Wetland
(LMEW) which was ﬁnanced by the Global Environmental
Facility (GEF) through the Cairo Ofﬁce of the United Nations
Development Program (UNDP). The National Executive
Agency was the Egyptian Environmental Affairs Agency
(EEAA) of the Ministry of State of Environmental Affairs
(MSEA). The construction of LMEW was completed in 2004
and transferred to the National Water Research Centre under
the Ministry of Water Resources and Irrigation in 2007 [9].
2. Study area description
2.1. Lake Manzala Engineered Wetland (LMEW)
Lake Manzala Engineered Wetland is located in the north
eastern edge of the Nile Delta, 170 km away from Cairo and
15 km from Port Said as shown in Fig. 1. LMEW is located
at the tail end of Bahr El Baqar Drain which constitutes about
25% of the water inﬂow to Lake Manzala and 60% of the
nutrient load. It carries a mixture of treated and untreated
wastewater originating from Cairo and contributing much to
the deteriorating water quality of Lake Manzala. LMEW
treats 0.8% of the water load in Bahr El Baqar Drain [7].
2.2. Climate conditions of the study area
The study area has a variable climate that is inﬂuenced by
many local factors. Most of the climatic trends are related to
its distance from the coast. Inland areas are characterized by
lower annual rainfall, usually below 50 mm, much greater
Temperature impact on operation and performance of Lake Manzala Engineered Wetland, Egypt 3diurnal temperature variation, a predominance of north and
northeast wind directions and lower mean wind speeds, as
compared to the coast.
The daily mean average temperatures over the study area
are relatively uniform; ranging from 20 to 22 C. The daily
maximum and minimum average temperatures vary over the
area, depending on the distance from the coast. The difference
between maximum and minimum temperatures is varied be-
tween less than 5 and 15 C. Peak average temperatures of
27–28 C are reached in August while the lowest mean daily
temperatures of 14–16 C are obtained in January. The highest
absolute recorded temperature is 46 C, occurring in June,
while the lowest absolute temperatures of 0–2 C have been re-
corded in February.
2.3. Components of LMEW
The total area allocated for LMEW is almost 245 Acres (about
100 ha), the ﬁve major components of LMEW as shown in
Fig. 2 are:
(1) Intake channel and pumping station: The intake channel
selectively withdraws water from the upper half of the
Bahr El Baqar Drain (A). Two 12,500 m3/day screw
pumps lift the intake water approximately 3 m into the
sediment basins and provide hydraulic gradient for grav-
ity ﬂow through the remainder of the system. The sta-
tion is operated by means of two diesel generators (B).
(2) Sediment basins: Two 25,000 m3 sediment basins (C)
provide primary treatment. A majority of the metals will
be removed by this part of the treatment process.
(3) Surface ﬂow treatment cells: Efﬂuent from the sedimen-
tation basins ﬂows to 10 surface ﬂow cells through distri-
bution canal (D). Most cells planted with reed
(Phragmites communis) common to the Lake Manzala
area.Figure 2 Major comp(4) Reciprocating subsurface ﬂow treatment cells: Two recip-
rocating subsurface ﬂow cells (E). The cells have a
design capacity of 500 m3/day and treat efﬂuent from
the sediment basins. Two pumping stations are used to
reciprocate water between the two cells. The cells ﬁlled
with graded gravel and produce an efﬂuent suitable for
supplying inﬂow to the ﬁsh-rearing facility.
(5) Fishery facility and ﬁsh farm: Inﬂow water to the ﬁshery
facility come from the reciprocating treatment system.
The ﬁshery includes four hatchery ponds followed by
two ﬁngerling production ponds (F). A total area of
60 Acres of ﬁsh farm divided into 24 separate ponds of
2.5 Acres (G).
Hydraulic management of LMEW: The daily hydraulic load
of 25,000 m3 is pumped from the intake in Bahr El Baqar Drain
to the sedimentation basin. The ﬂow from the sedimentation
basins is distributed into Reciprocating subsurface ﬂow cells
(500 m3/day), and with the remaining volume of 24,500 m3 to
the surface ﬂow cells. From the reciprocating subsurface ﬂow
cells the 500 m3 water runs through the ﬁsh ponds to the outlet
channel, joining the 24,500 m3 discharged to the outlet channel
from the surface ﬂow cells after having passed the basins. All
the treated water is discharged back to the Bahr El Baqar
Drain. The design parameters are presented in Table 1.
2.4. Design models of constructed wetlands
There are several models used to design constructed wetlands
or to calculate the pollutant efﬂuent concentrations, such as
the ﬁrst-order areal plug ﬂow model [9], the plug ﬂow K–C*
model [11], and the tank in series model [11]. In this study
K–C* model were considered.
Kadlec and Knight [11] deﬁned the K–C* model based on
the ﬁrst-order areal plug ﬂow model. This model considers
background concentrations from ecosystem to water. Theonents of LMEW.
Table 1 Design parameters of LMEW.
Parameters Units Sedimentation basin Surface ﬂow treatment cells Subsurface ﬂow treatment cells
Flow m3/day 25,000 24,500 500
Volume m3 50,000 50,000 1000
Area m2 33,300 100,000 2100
Depth m 1.5 0.5 1.2
Retention time day 2 2 2
4 G. El-Refaiegeneral form of this model is deﬁned by Eq. (1) for surface
ﬂow and subsurface ﬂow wetlands:
ln
Ce  C
Ci  C
 
¼ K
q
ð1Þ
where Ce is the efﬂuent concentration, mg/L; Ci is the inﬂuent
concentration, mg/L; C* is the background concentration, mg/
L; K is the ﬁrst-order areal rate constant, m/year; q is the
hydraulic loading rate, m/year.
Then the efﬂuent pollutant concentrations for existing wet-
land could be described by Eq. (2):
Ce ¼ C þ ðCi  CÞ exp KA
0:0365Q
 
ð2Þ
where A is the wetland area, ha; Q is the water ﬂow rate,
m3/day.
Kadlec and Knight [11] suggested values for the ﬁrst-order
areal removal rate constant (K) for the K–C* model. These
values are reported in Table 2 for surface ﬂow wetlands. The
temperature dependent removal rate constant is calculated
from the removal rate constant at 20 C (K20) and the temper-
ature factor (h). The temperature dependent removal rate con-
stant KT at water temperature (T) can therefore be deﬁned by
the following equation [9,13]:
KT ¼ K20ðhÞðT2hÞ ð3Þ
where KT is the temperature dependent removal rate constant
at T, day1; K20 is the removal rate constant at 20 C; h is the
temperature factor, dimensionless.
2.5. Monitoring program
Investigating the concentration proﬁles of different pollutants
along different water paths through the wetland was carried
out. The ﬁrst path is the slow free water surface cells where ﬁve
cells are subjected to low ﬂow rate approximately 3000 m3/day
and the second path is the rapid free water surface cells where
the other ﬁve cells are subjected to high ﬂow rate approxi-
mately 21,500 m3/day.Table 2 Surface ﬂow K–C* model parameters values at 20 C [11].
Surface ﬂow BOD TSS Organic N
K (m/year2) 34 1000a 17
h 1.00 1.00 1.05
C* (mg/L) 3.5 + 0.053Ci 5.1 + 0.16Ci 1.50
a Rough unsubstantiated estimate, settling rate determination preferred
b Central tendency of widely variable values.Seven points of interest along the water paths are considered
as shown in Fig. 3. The intake from Bahr El Baqar Drain, the
outlet of sedimentation pond, the inlet of rapid ﬂow free water
surface wetland, the outlet of rapid ﬂow free water surface wet-
land, the inlet of slow ﬂow free water surface wetland, the outlet
of slow ﬂow free water surface wetland and ﬁnally the outlet of
the whole system to Bahr El Baqar Drain. The parameters se-
lected for analysis are fecal coliform (FC), biological oxygen
demand (BOD), total phosphors (TP) and total suspended solid
(TSS) where water samples were collected bi-weekly during the
study period from January 2008 to December 2008.
3. Results and discussion
3.1. Studying the impact of rapid and slow ﬂow rates on the
removal efﬁciency
A comparison between the performance of the rapid and slow
ﬂow cells was carried out to study the impact of ﬂow rate on
the removal efﬁciency of different pollutants. Fig. 4 shows
the overall average outlet concentrations and the removal efﬁ-
ciency of different studied pollutants to illustrate the perfor-
mance of the rapid and slow free water cells.
It could be noticed from the ﬁgure that; the removal efﬁ-
ciency of the biological contaminates such as fecal coliform
(FC) is high for both rapid and slow free water surface cells
and equal to 98.1%, i.e. the impact of the ﬂow rate on the re-
moval efﬁciency of FC is nearly negligible.
The data analysis showed that the removal efﬁciency of
BOD at the outlet of rapid free water surface cells is equal
to 45.5%, while, it is equal to 37.6% at the outlet of slow free
water surface cells. This result indicates that the rapid free
water surface cells are slightly effective in reducing the BOD
than slow ﬂow cells.
The ﬁgure also, shows that for the total phosphorus (TP)
the removal efﬁciency of the rapid free water surface cells is
equal to 27.06%, while for the slow free water surface cells it
is equal to 44.41%. It could be concluded that for total phos-
phorus (TP) the performance of the slow cells is higher than
that of the rapid cells.Sequential
NH4–N
Sequential
NOx–N
TN TP FC
18 35 22 12 75
1.04 1.09 1.05 1.00 1.00
0.00 0.00 1.50 0.02 300b
.
Figure 3 Layout of LMEW and monitoring locations.
SPSS V.15.0.1 Statistics is modular, tightly integrated,
full-featured software comprised of IBM SPSS Statistics
Base and a range of modules.
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total suspended solids (TSS) is 71.3%, while for the slow free
water surface cells it is equal to 57.56%. This could give an
indication that the rapid cells are more effective in reducing
the TSS concentration.
Therefore, this study will concentrate on the rapid ﬂow cells
where it is generally more effective than slow ﬂow cells in
removing the pollutants specially, TSS and BOD while they
have the same impact on FC removal.
3.2. Temperature variation
Water temperature at the different studied locations through
LMEW was measured daily in the ﬁeld as shown in Fig. 5.
It is obvious from the ﬁgure that the difference between the
daily water temperatures at different studied locations is small.This difference is varied between 0.4 and 1.0 C along the
study period.
Therefore, the normality of water temperature at all studied
locations was carried out using SPSS (Kolmogorov–Smirnov
and Shapiro–Wilk testes). The testes results showed that the
water temperature at all studied locations is signiﬁcantly differ
from the normal distribution, i.e. it is not normally distributed
where the signiﬁcant values are less than 0.05.
Also, the correlation between the water temperatures at dif-
ferent locations using SPSS (Friedman test) was carried out.
The results showed that the water temperatures at different
locations are not signiﬁcantly differing or they are statistically
similar where the signiﬁcant values are 0.082 (greater than
0.05).
Therefore, the daily average water temperature of all loca-
tions was considered to study the temperature impact on the
operation and performance of LMEW.3.3. Impact of water temperature on removal efﬁciency for
different parameters
Regression analysis was carried out to study the impact of
water temperature on removal efﬁciency of different parame-
ters considered in the study such as TSS, BOD, TP and FC
as shown in Fig. 6.
The analysis showed that there is a reverse relationship be-
tween the temperature and removal efﬁciency of TSS and BOD
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Figure 6 The relationships between the water temperature and removal efﬁciency of different parameters.
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6 G. El-Refaie(i.e. the removal efﬁciency decrease with the increase of tem-
perature) and there is a good correlation where r2 is equal to
0.71 for both of them.
Also, it is clear form the ﬁgure that, the removal efﬁciency
of TSS and BOD increased in winter season and reached to
maximum efﬁciency in February (95% and 88%, respectively).
While they decreased during summer season and reached their
lowest values during July (58% and 12%, respectively).The analysis also indicated that the removal efﬁciency of
TP has a direct relationship with water temperature (i.e. the re-
moval efﬁciency increase with the increase of temperature) and
the correlation is low where r2 is equal to 0.2. The ﬁgure shows
that the maximum performance (66.7%) was in August while
the minimum (10%) was in January.
The regression showed that nearly no relationship between
the water temperature and the FC removal efﬁciency where the
The model outputs are three categories: the removal
rates, the removal efﬁciency (RE) for each constituents
and the model predicts the outﬂow concentrations of
each constituent [6].
Table 3 Actual monthly temperature dependent removal rate
(Kactual).
Date Kactual
TSS BOD TP FC
Jan–08 0.0462 0.0230 0.0028 0.0218
Feb–08 0.0337 0.0414 0.0062 0.0418
Mar–08 0.0305 0.0179 0.0038 0.0463
Apr–08 0.0297 0.0195 0.0080 0.0879
May–08 0.0287 0.0130 0.0054 0.0912
Jun–09 0.0155 0.0074 0.0054 0.0911
Jul–08 0.0145 0.0021 0.0048 0.0229
Aug–08 0.0194 0.0048 0.0316 0.0737
Sep–08 0.0141 0.0030 0.0140 0.0457
Oct–08 0.0143 0.0105 0.0008 0.0192
Nov–08 0.0161 0.0067 0.0048 0.0606
Dec–08 0.0346 0.0021 0.0028 0.1081
Temperature impact on operation and performance of Lake Manzala Engineered Wetland, Egypt 7removal efﬁciency reached to 99.9% in December (winter) and
99.6% in May and June (summer). The difference between the
average temperature in winter and summer in the study area is
small and negligibly affect the removal efﬁciency of FC.
3.4. Impact of temperature on wetland operation (ﬂow rate)
As a result of the previous analyses it could be concluded that
the temperature variations between summer and winter sea-
sons affect the removal efﬁciency of different pollutants.
Therefore, it is very important to study the temperature impact
on the operation of LMEW and determine the suitable season-
ally ﬂow rate to increase its performance. This analysis was
carried out using the K–C* model and PREWet model as
follows:
3.4.1. Estimation of actual temperature dependent removal
constant (K)
The theoretical temperature dependent removal rate (K) is cal-
culated considering the removal constant rate at 20 C (K20)
and the temperature factor (h) using Eq. (3) and Table 2 as de-
scribed by Kadlec [11].
It is clear from Table 2 that the temperature factor h for the
studied parameters (TSS, BOD, TP and FC) is equal to 1.0.
The application of Eq. (3) showed that the KT (temperature
dependent removal rate at any temperature) is equal to K20
which is constant value for each parameter, i.e. no impact of
temperature variations was considered.
Therefore to consider the temperature impact, the actual
temperature dependent removal rate (K) was calculated using
the K–C* model as follow:
Step 1: Calculate the monthly average ﬁeld concentrations
of different pollutants at the inlet (Ci) and at the outlet of
free water surface cells (Ce) along the study period.
Step 2: Calculate the pollutant background parameter (C*)
which is deﬁned as the irreducible background wetland. The
parameter calculation was carried out according to Kadlec
and Knight [11] as shown in Table 2.
Step 3: Calculate (Kactual) using the design ﬂow rate (Qdesign)
and design area (Adesign) for rapid ﬂow cells through the
application of Eq. (2). The calculated monthly Kactual values
for different parameters are shown in Table 3.
It is clear from Table 3 that the actual removal rate (Kactual)
is completely different than the theoretical one (as shown in
Table 2), i.e. the temperature has a signiﬁcant impact on the
removal rate of the different pollutant.PREWet model version (2.5) is a mathematical com-
puter based model for the assessment of free water sur-
face wetland function. This model developed by US
Army Engineer Research and devolvement center in
May 2005. The model inputs require the system proper-
ties such as length, width, depth, area, volume, and dis-
charge, detention time and water temperature. In
addition, the model requires selecting the constituents
to be modeled which are the studied parameters TSS,
BOS, TP, and TC (where the model not consider FC)
and their inﬂuent concentration [5].3.4.2. Calculation of the new ﬂow rate (Qpredicted)
In this research the temp impact on LMEW operation will
focus only on the water ﬂow rate (Q).
Step 4: PREWet model was used to simulate the treatment
procedures for different pollutants and LMEW operation
considering the actual ﬁeld condition such as: The hydraulic detention time (2 days).
 Field concentrations of different pollutants at the
inlet (Ci) (step 1).
 Water temperature.
 Area of rapid free water surface cells.The outlet concentration of different pollutants as the
simulation result was used in next step as follow:
Step 5: K–C* model was used to calculate the new water
ﬂow rate (Qpredicted) considering the parameters reﬂecting
the temp variation such as: Predicted actual removal rate (Kactual) (Table 3).
 Pollutant background parameter C* (step 2).
 Concentrations of different pollutants (step 4).3.5. Comparison between the predicted and design ﬂow rate (Q)
Fig. 7 shows the predicted water ﬂow rate reﬂecting the tem-
perature variation comparing with design value for different
pollutants.
It is obvious from Fig. 7 that the predicted water ﬂow
rate (Qpredicted) is varied along the study. The ﬁgure also,
shows that in winter months especially in February and
March the predicted ﬂow rate is higher than the design
one. While in summer especially from June to October, the
Figure 7 A comparison between the predicted and design ﬂow rate (Q).
8 G. El-Refaieﬂow rate is less the design value. Only the predicted dis-
charge using the TP data was varied dramatically from
month to month.
3.5.1. Calculation of the recommended water ﬂow rate
As a result of the previous analysis, the temperature variation
affects the ﬂow rate from month to month and also affects the
LMEW performance, therefore it is recommended to change
the operation procedures using variable ﬂow rate instead of
using the design constant value to get better performance.
To be more practical in wetland operation, the applied ﬂow
rate should not be changed daily. Therefore, the recommended
ﬂow rates will be seasonally and changed once in summer
when temperature is high and another time in winter when
temperature is low.
Table 4 shows the percentage difference between the
monthly predicted ﬂow rate and the design one. The seasonal
average difference percentage was calculated for winter seasonTable 4 The recommended water ﬂow rate calculation.
Month Predicted ﬂow rate Design ﬂow rate Diﬀerence
m3/day m3/day m3/day %
Jan–08 24,282 21,500 2782 1
Feb–08 35,125 21,500 13,625 6
Mar–08 24,493 21,500 2993 1
Apr–08 27,160 21,500 5660 2
May–08 22,464 21,500 964
Jun–08 18,343 21,500 3157 1
Jul–08 16,756 21,500 4744 2
Aug–08 16,729 21,500 4771 2
Sep–08 15,953 21,500 5547 2
Oct–08 12,021 21,500 9479 4
Nov–08 15,977 21,500 5523 2
Dec–08 30,414 21,500 8914 4from January to May plus December and it is equal to
(+27%) i.e. the recommended ﬂow rate is equal to
27,305 m3/day. While in summer season the average difference
percentage was calculated from June to November and it is
equal to (26%) i.e. the recommended ﬂow rate is equal to
15,963 m3/day.
3.5.2. Evaluating the recommended ﬂow rate
PREWet model was used to simulate the treatment procedures
for different pollutants using the recommended water ﬂow rate
where the removal efﬁciency of different studied pollutant in
winter and summer seasons were simulated.
A comparison between the new performance based on the
recommended ﬂow rate, and the old performance based on
the ﬁeld data and design water ﬂow rate was carried out as
shown in Fig. 8.
The comparison the new performance of the rapid ﬂow
cells using the recommended ﬂow rate is higher than the oldSeason Seasonal diﬀerence Recommended ﬂow rate
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Figure 8 Comparison between the new performance using the
recommended ﬂow rate and the old performance for different
pollutant.
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ciency of the studied pollutants is improved with percentage
varied from 3.5% to 27.7%, in summer season. While in winter
season the removal efﬁciency of the studied pollutants is im-
proved with percentage varied between 11.7% and 25.8%
according to the studied different pollutants.
4. Conclusions
The temperature variations between summer and winter sea-
sons affect the removal efﬁciency of different pollutants as
follows:
The removal efﬁciency of TSS and BOD has a reverse rela-
tionship with temperature where, the removal efﬁciency of TSS
and BOD increased in winter season and reached to maximum
efﬁciency in February (95% and 88%, respectively). While
they decreased during summer season and reached their lowest
values during July (58% and 12%, respectively).
The removal efﬁciency of TP has a direct relationship with
water temperature where the maximum performance (66.7%)
was in August while the minimum (10%) was in January.
Although there is a difference between the average temper-
ature in winter and summer in the study area, but this differ-
ence is small to affect the removal efﬁciency of FC. Nearly
no relationship was determined between the water temperature
and the FC removal efﬁciency where the removal efﬁciency
reached to 99.9% in December (winter) and 99.6% in May
and June (summer).
The temperature variation affects the water ﬂow rate as one
of the most important item in affect LMEW operation, there-
fore it is recommended to change the operation procedures
using variable ﬂow rate instead of using the design constant va-
lue to get better performance.
The recommended water ﬂow rate during winter season is
equal to 27,305 m3/day which is higher than the design ﬂowrate with (+27%). While the recommended ﬂow rate during
summer season is equal to 15,963 m3/day which is less than
the design ﬂow rate with (26%).
The recommended ﬂow rate showed an improvement in the
LMEW performance where the removal efﬁciency of the stud-
ied pollutants is improved with percentage varied from 3.5%
to 27.7%, in summer season. While in winter season the re-
moval efﬁciency of the studied pollutants is improved with per-
centage varied between 11.7% and 25.8% according to the
studied different pollutants.
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